Several syntheses of metal ion adsorbents using modified banana fibers having Schiff bases were investigated. In addition, adsorption properties of a metal ion adsorbent were also evaluated. Alkalitreated (BF)-g-(glycidyl methacrylate)(BF-GMA) were synthesized. The Schiff base, 2-2'{iminobis[ethane-2,1-diylnitrilo(E)methylidine]}bisphenol derivative was synthesized by the reaction of diethylenetriamine and salicylaldehyde derivatives in methanol. The metal ion adsorbents were synthesized by the reaction of 2,2'-{iminobis-[ethane-2,1-diylnitrilo(E)methylidine]}bisphenol derivative, and BF-GMA. Where, C 1 : R=H, C 2 : R=Cl, C 3 : R=Br. The concentration of metal ion was measured by an inductively coupled plasma atomic emission spectroscope. Metal ion adsorption percentage (%) of BF-GMA(C 3 ) was higher than those of BF-GMA(C 1 ) and BF-GMA(C 2 ). Especially, adsorption property to Co 2+ was higher than that to the other metal ions. This result suggests that the acid dissociation constant of BF-GMA(C 3 ) is larger than that of BF-GMA(C 1 ). Therefore, BF-GMA(C 3 ) can be chelated with metal ions more easily than BF-GMA(C 1 ) can be. These results show a definite feasibility of the use of banana fibers for the metal ion adsorbent.
Introduction
Several methods to collect and separate the metal ions, including ion-exchange and solvent extraction, have been reported. Environmentally friendly ion-exchange and chelate materials for the collection and separation of the metal ions have been investigated by many researchers.
Banana fibers can be obtained from the banana leaves and be used to develop new products. However, each year over a billion ton of banana leaves are discarded all over the world. Therefore, effective utilization of banana fibers has been studied as a valuable biomass source. [1] [2] [3] [4] [5] 6-9) In our previous studies, banana fiber/poly(butylene succinate) composites using hexamethylene diisocyanate as a reactive compatibilizer were investigated. 10) It is thus necessary to propose the other usage
Experimental

materials
Banana fibers were obtained from the Republic of the Philippines.
And Glycidyl methacrylate (GMA), diethylenetriamine, salicylaldehyde, 5-bromo-salicylaldehyde, 5-chloro-salicylaldehyde (all from Tokyo Chemical Industry, Co., LTD., Tokyo, Japan); and di-ammonium cerium(IV) nitrate (Nakarai Tesque, INC., Kyoto, Japan), Cellulose microcrystalline (CL)(Merck KGaA, Co., LTD., Darmstadt, (xxx) Germany), plus all other chemicals were purchased, and used without further purification.
Alkali-treated banana fiber
Syntheses of Schiff bases
Banana fibers were treated with 20 wt% NaOH aqueous solution (aq) at room temperature.
The
Schiff base, 2-2'{iminobis[ethane-2,1-diylnitrilo(E)methylidine]}bisphenol
Graft copolymerization
derivative was synthesized by the reaction of diethylenetriamine and salicylaldehyde derivatives in methanol.
Graft copolymerization of glycidyl methacrylate (GMA) onto alkali-treated banana fiber (BF)(BF-GMA) was synthesized by the reaction of BF and GMA with di-ammonium cerium(IV) nitrate. Graft copolymerization of GMA onto Cellulose microcrystalline (CL)(CL-GMA) was synthesized by the reaction of CL and GMA with di-ammonium cerium(IV) nitrate.
Synthesis of metal ion adsorbent
Metal ion adsorbents were synthesized by the reaction of 2,2'-{iminobis[ethane-2,1-diylnitrilo(E)methylidine]}bisphenols and BF-GMA or CL-GMA (Fig. 1) . The adsorbents were then confirmed with FT-IR. FT-IR; 3294 cm-1 (-OH), 3066 cm-1 (-Phenyl), 1729 cm-1 (-C=O). Where, C 1 : R=H, C 2 : R=Cl, C 3 : R=Br. 
Adsorption of transition metal ions with metal ion adsorbent
Aqueous solutions were prepared containing 1. 3 , along with 0.3 g of the metal ion adsorbent, was put into 50 cm 3 plastic tubes. The tubes were then shaken at room temperature for five days. This five-days-shaking was done for the purpose of comparison with a previous unpublished work of ours. After the reaction was completed, the mixed solutions were filtered, the pH of the aqueous phase was measured by a pH meter, and the concentration of the metal ion was measured by an inductively coupled plasma atomic emission spectroscope (ICP-AES).
Results and Discussion
Adsorption properties of metal ion adsorbents using BF
Metal ion adsorbents with Schiff base were synthesized. The adsorption experiment was carried out by the metal ion adsorbents, which introduced -H group (C 1 )(BF-GMA(C 1 )), -Cl group (C 2 )(BF-GMA(C 2 )), and -Br group (C 3 )(BF-GMA(C 3 )) into the phenyl group. The adsorption percentage of the transition metal ions using BF-GMA(C 1 
Especially, adsorption property of Co
Cu: , Ni: , Co: , Zn: × 2+ was higher than that of the other metal ions. This result suggests that the acid dissociation constant of BF-GMA(C 3 ) is larger than that of BF-GMA(C 1 ). Therefore, BF-GMA(C 3 ) can be chelated with metal ions more easily than BF-GMA(C 1 ) can be. Although another factor for the difference of adsorption property to metal ions was addressed, but the details remain unknown at this point.
Adsorption properties of metal ion adsorbents using CL
In order to compare BF to the commercially available highpurity CL, CL-GMA with the Schiff base were synthesized. The adsorption experiment was carried out by the metal ion adsorbents, which introduced -H group (C 1 )(CL-GMA(C 1 )), -Cl group (C 2 )(CL-GMA(C 2 )), and -Br group (C 3 )(CL-GMA(C 3 )) into the phenyl group. The adsorption percentage of the transition metal ions using CL-GMA(C 1 ) is plotted in Fig.5 at pH 5.9 shows a maximum adsorption percentage. The adsorption percentage of the transition metal ions using CL-GMA(C 3 ) is plotted in Fig.7 . , almost 3 % at pH 5.2, 50 % at pH 5.6, and 75 % at pH 5.9 were adsorbed; whereas pH 4.1, 4.4, and 4.8 were not adsorbed.
In the case of the metal ion adsorbent using BF-GMA(C 3 ), the adsorption property to Co 2+ was higher than that of the other metal ions. However, in the case of the metal ion adsorbent using CL-GMA(C 3 ), the selectivity of the transition metal ion adsorption percentage was shown to be different from the adsorption property of BF-GMA(C 3 ). On the other hand, CL-GMA(C 2 ) and CL-GMA(C 3 ) show good separation ability between Zn 2+ and the other metal ions (Cu
2+
, Ni 2+ and Co
). This result speculates that depending on the difference of crystallinity of BF and CL the metal ion adsorption percentage could vary and be different.
Since the transition metal ions such as Cu , and Co 2+ were used for this study, the overall reaction equilibrium between BF-GMA or CL-GMA and the metal ions can be described as:
Where, H 2 L means BF-GMA or CL-GMA. In the present study, the adsorption mechanism of BF-GMA or CL-GMA , and of the metal ions could not be analyzed in further details.
Adsorption properties of BF and CL
The adsorption percentage of the transition metal ions using BF is plotted in Fig.8 , and 20 % of Co 2+ from pH 4.1 to 5.9 were also adsorbed. The adsorption percentage of the transition metal ions using CL is plotted in Fig.9 . Almost 20 % of Cu 2+ was adsorbed when the CL was used. Ni 2+ , Zn
2+
, and Co 2+ were not adsorbed. to be a suitable adsorbent. CL shows no capability of functioning in a transition metal ion adsorption. Possibly, the remaining lignin may have a chelating ability to metal ions. Further study on the development of metal ion adsorbent using banana fiber is under way.
Conclusion
Transition metal ion adsorption percentage (%) of BF-GMA(C 3 ) was higher than those of BF-GMA(C 1 ) and BF-GMA(C 2 ). Especially, adsorption property to Co 2+ was higher than that of the other metal ions. This result shows one of the advantages of synthesizing metal ion adsorbent using BF. Adsorption percentage of BF to Cu 2+ was almost 80 %.
These results show a high possibility of the utilization of the banana fibers for the metal ion adsorbent.
Especially, the adsorption property of BF to Cu2+ was higher than that of the other metal ions. Therefore, BF indicated Cu2+ to be a suitable adsorbent. CL shows no capability of functioning in a transition metal ion adsorption. Possibly, the remaining lignin may have a chelating ability to metal ions. Further study on the development of metal ion adsorbent using banana fiber is under way.
